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ABSTRACT 

The management of the irritable bowel syndrome (JBS) 
remains unsatisfactory. For abdominal pain, antispasmodics 
are, at best, of only modest efficacy. Tricyclic antidepres- 
sants in low dose are useftil (with the number needed to treat 
being three), but side effects and patient concerns regarding 
use of a centrally acting agent for depression remain limi- 
tations. Selective serotonin reuptake inhibitors are of uncer- 
tain efficacy in IBS. Opioid agonists, especially loperamide, 
arc useful for diarrhea but not for pain in IBS; rebound 
constipation also remains a problem. Bile salt sequestering 
agents are not of established value in IBS but seem to be 
useful clinically in a small group of IBS patients with 
diarrhea. Aloestron, a 5HT3 antagonist, should be reserved, 
if available, for women with severe diarrhea predominant 
IBS who have failed to respond to conventional therapy, and 
started at a low dose. Fiber and bulking agents may help 
constipation in some trials, but the evidence that they are 
efficacious in IBS is equivocal; they are frequently pre- 
scribed as first-line drugs for IBS regardless of the primary 
bowel disturbance but often increase bloating, gas, and pain. 
Laxatives are not of established value in IBS but are often 
taken by patients with constipation predominant IBS. Tega- 
serod, a partial 5HT4 agonist, is now available in the United 
States and other countries for use in women with IBS whose 
primary bowel symptom is constipation; its efficacy in men 
and in those with alternating bowel habits is unknown. 
Probiotics are of uncertain efficacy. Chinese herbal medi- 
cine data are insufficient. Other new drugs in development 
include the cholecystokinin antagonists and novel visceral 
analgesics. Both current and potential therapies for IBS are 
reviewed in this article. (Am J Gastroenterol 2003;98: 
750-758. €> 2003 by Am. Coll. of Gastroenterology) 



and environmental contributions (3-5). A subset of patients 
develops IBS postcolonic infection, with symptoms persist- 
ing despite disappearance of the organism; minor inflam- 
matory abnormalities may also persist (4-7). Enterochro- 
maffin cells that contain serotonin may be increased and 
release abnormal amounts of this neurotransmitter in a sub- 
set with IBS, in turn disturbing peristalsis and sensory 
signaling (7). Abnormal central nervous system processing 
of afferent signals may be key in some patients, and dis- 
turbed cennral circuits influencing gut motor and sensory 
pathways may determine the exact symptomatology expe- 
rienced (8-10). 

The subdivision of IBS into types based on predominant 
bowel pattern remains controversial (2). This is because an 
uncertain number of patients will fluctuate, and this seems 
not to be predictable. Moreover, current methods of defining 
IBS bowel habit subgroups are arbitrary. However, pharma- 
ceutical companies have adopted the classification, as many 
drugs tend to alter bowel habit in one direction, and this 
therapeutic effect has been harnessed in attempts to develop 
new options for IBS. Keys to successful management of IBS 
include strong reassurance and sensible advice. An expla- 
nation of the nature and benign prognosis in terms the 
patient can imderstand seems useflil. Referral to a local 
patient support group should be considered. Drug therapy 
for IBS is currently still unsatisfactory and may often add 
little to placebo (11, 12). The placebo response is high; it has 
ranged from 30% to 80% in short term trials, and recent 
studies suggest that the placebo response can actually in- 
crease over a 12-month period when patients are intensively 
monitored (13). Here, available treatments will be reviewed, 
followed by a consideration of compounds in development 
and their current status. 
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INTRODUCTION 

The irritable bowel syndrome (IBS) is a symptom complex 
that is characterized by abdominal pain, disturbed defeca- 
tion, and often bloating (I, 2). A clinically based classifi- 
cation ("Rome") has been developed that is largely based on 
epidemiological and factor analysis studies combined with 
clinical experience; however, the exact spectrum of the 
disorder is still disputed (2). The pathophysiology is actively 
being explored with increasing evidence for both genetic 



CURRENT THERAPIES 
Abdominal Pain in IBS 

ANTISPASMODICS. Abdominal pain is a major symptom 
in IBS, and in the United States anticholinergics (dicyclo- 
mine, propantheline, belladona, and hyoscyamine) remain a 
mainstay of therapy. A recent meta-analysis of 23 random- 
ized trials in IBS concluded that antispasmodics were su- 
perior to placebo in terms of global symptom improvement 
as well as abdominal pain and distension, but not constipa- 
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Table 1. Antispasmodic Agents for IBS 



Medication 



Drug Class 



Cimetropium bromide* 
Pinaverium bromide* 

Trimebuline* 
Mebeverine* 

Hyoscyamine 
Tincture of belladonna 
Dicyclomine 
Propantheline 



Antimuscarinic 

Quaternary ammonium derivative with 
calcium channel blocking action 

Peripheral opiate agonist 

Smooth muscle relaxant, derivative of 
phenylethylamine; nonanticholineigic 

Anticholinergic 

Anticholinergic 

Anticholinergic 

Anticholinergic 



* Not available in the United States. 

tion (14). However, the anticholinergic hyoscyamine in var- 
ious combinations (as well as other antispasmodics includ- 
ing mebeverine, trimebutine, and pinaverium, which are not 
available in the United States) (Table 1) failed to signifi- 
cantly improve pain (14). Dicyclomine has only been tested 
at high doses in one low quality trial, and anticholinergic 
side effects were problematic (15). The studies included 
were generally of short duration (<8 wk). As the quality of 
many of the included trials remains questionable (12), the 
benefit of antispasmodics is probably at best very modest. 
Indeed, in clinical practice they seem to be most useflil for 
intermittent predictable episodes of postprandial pain, but 
often fail to relieve the symptom complex. It is not estab- 
lished that sublingual or suppository preparations are ad- 
vantageous over oral ingestion in terms of onset of action. 
Many patients are intolerant of these agents because they 
exacerbate constipation and cause dry mouth. Publication 
bias has not been excluded as an explanation for the appar- 
ent benefit of this drug class in meta-analyses. 

ANTIDEPRESSANTS. Tricyclic antidepressants in low 
doses may be ef!icacious in IBS over placebo, based on a 
recent meta-analysis (16). The effect size was also clinically 
significant (with the number needed to treat being three), 
and in practice this class of drugs seems particularly useful. 
The mechanism of action may be central analgesia; tricy- 
clics may take at least 4 wk to become efficacious. However, 
it seems that many clinicians are reluctant to try these drugs 
because of perceived patient concerns about using a cen- 
trally acting agent. Furthermore, whether the benefit is sim- 
ilar in those with or without psychiatric disturbance is un- 
clear, and the quality of most of the trials was suboptimal 
(12). Tricyclic antidepressants tend to be constipating and, 
therefore, one would postulate that they should be of most 
benefit in diarrhea and deleterious in constipation predom- 
inant IBS. Whether the underlying bowel pattern is predic- 
tive of treatment success remains unknown. Side effects are 
a limitation; anticholinergic effects, weight gain, cardiac 
toxicity, and hematological abnormalities can limit their 
use. 

Selective serotonin reuptake inhibitors (SSRls) have only 
been subject to few placebo-controlled studies, and adequate 
data are lacking. A crossover trial of 14 patients with IBS 



was positive (17). On the other hand, a parailei group trial 
of 40 patients failed to detect a benefit over placebo, except 
for pain although it may have been underpowered (18). 
Creed et aL found that paroxetine and psychotherapy were 
superior to usual care in severe IBS in tenns of improved 
quality of life but not abdominal pain (19). It is unclear 
whether SSRIs would be most useful in constipation pre- 
dominant IBS (because diarrhea is sometimes a side effect). 
Other troublesome side effects include nausea, headache, 
restlessness, anxiety, sweating, and sexual dysfunction. 

MISCELLANEOUS AGENTS. Anticonvulsants are of un- 
certain value in IBS but have analgesic properties. Pheny- 
toin relaxes colonic smooth muscle but was not superior to 
placebo in one trial (20). /3-Blockers may theoretically in- 
hibit colonic motor function, but both atenolol and timolol 
were not superior to placebos in small trials of patients with 
IBS (21). 

Leuprolide is a gonadotrophin-releasing hormone analog 
that induces chemical castration. In two small randomized, 
controlled trials in menstruating women, leuprolide depot 
injections were superior to placebo in terms of reducing 
abdominal pain and nausea. However, patients did not fulfill 
current criteria for IBS, and significant side effects occurred 
in one half of the patients (22, 23). 

Constipation Predominant IBS 

nBER AND LAXATIVES. Fiber and bulking agents are 
commonly prescribed for IBS. However, clinical trials sup- 
port only limited benefit for constipation and not other 
symptoms, although many clinicians prescribe these regard- 
less of the bowel pattern (1, 2). Meta-analyses have con- 
cluded that there is insufficient evidence to support a benefit 
over placebo (11, 12). They are, however, safe and can be 
prescribed as a placebo (remembering that the placebo re- 
sponse is substantial and that prescription of a placebo is 
ethical if the patient is informed). Bloating, gas, and pain 
may be aggravated by bulking agents; therefore, they should 
be introduced initially in small doses and increased slowly. 
They may be least useful in patients in whom pain and 
bloating are the most bothersome symptoms. 

Other laxatives are of uncertain benefit in constipation 
predominant IBS (12). Osmotic laxatives and nonabsorb- 
able carbohydrates often, in practice, aggravate other IBS 
symptoms, especially bloating. PEG is useful in resistant 
constipation and, as it is not hydrolyzed by colonic bacteria, 
may be more effective and cause less bloating (24). Unfor- 
tunately, there are no controlled trials in IBS. Stimulant 
laxatives can cause cramping and do not seem to relieve the 
IBS symptom complex even if constipation inqiroves. How- 
ever, no trials in IBS have been conducted. The association 
of currently available stimulant laxatives with either neo- 
plastic change or enteric nerve damage in humans is not well 
established, and safety concerns with longer tenn use in 
terms of a cathartic colon have very likely been exaggerated 
(25), 
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Table 2. Efficacy of Tegaserod in Constipation Predominant IBS, Based on Four Randomized Controlled Trials (ivIunU) 3, Primary 
Endpoint) 







B301 


B307 (Dose Tritation) 




B351 


B358 (Females Only) 




(n 


= 881) 


(n 


= 841) 


(n 


= 799) 


(n = 


1519) 




Response 


Therapeutic 


Response 


Therapeutic 


Response 


Therapeutic 


Response 


Therapeutic 


Dosage 


Rate (%) 


Gain (%) 


Rate (%) 


Gain (%) 


Rate (%) 


Gain (%) 


Rate (%) 


Gain (%) 


4 mg/day 










38.9 








Both sexes 


38.S 


9.1* 


38.3 


as 


6 






Women 


38 


10.2* 


39 


1.5 


41 


8.8 






12 mg/day 


















Both sexes 


38.4 


8.3* 


42.2 


6 


45.7 


12.4* 






Women 


39 


11. 3» 


43 


5.2 


46.9 


14.8* 


43.5 


5.3^ 


Placebo 


















Both sexes 


30.2 




37 




33.3 








Women 


28 




38 




32 




38.8 





* p < 0.05. 



SEROTONIN TYPE 4 (5HT4) AGONISTS. The pharma- 
cology of serotonin receptor agents has recently been re- 
viewed in detail elsewhere (26), The substituted benzamides 
probably act via 5HT4 receptors. Cisapride is a 5-HT4 ag- 
onist, although it also has partial 5-HT3 antagonist actions 
(26, 27). Cisapride is known to accelerate gastric emptying 
and to enhance gastric accommodation, but it has less action 
on the colon in humans (26). Its role in IBS is equivocal 
based on the available trials (28-30), and it has been with- 
drawn from use because of rare cardiac toxicity (prolonged 
QT interval and sudden death). 

Tegaserod, a new indole carbox aldehyde derivative, is a 
partial 5-HT4 receptor agonist with high potency and spec- 
ificity (31). Tegaserod has a high affinity for the SHT^ 
receptor. The intrinsic activity of tegaserod is approximately 
21% of serotonin's affinity in the guinea pig ileum, hence 
the label partial agonist (26). Whether this partial agonist 
produces less receptor desensitization is unknown. Indeed, 
whether tachyphylaxis occurs with this drug has not been 
adequately evaluated, but the 12-wk studies reviewed below 
did not show evidence for tachyphylaxis (26). 

Preclinical studies have observed that tegaserod stimu- 
lates the peristaltic reflex, and the effects seemed to be dose 
dependent with a biphasic response (31). In healthy volun- 
teers, tegaserod has been shown to shorten colonic transit 
times and to increase the colonic motility index (32). No 
significant acceleration of colonic transit was observed in 24 
female patients with constipation predominant IBS receiv- 
ing tegaserod 2 mg b.i.d., but proximal colonic filling was 
significantly accelerated and small bowel transit were mod- 
estly accelerated gastric emptying was normal (32). More 
recent work in 12 healthy male volunteers has demonstrated 
that tegaserod accelerated gastric emptying and small intes- 
tinal transit, and induced a small but significant acceleration 
of colonic transit (33). It is unclear whether higher doses 
would have yielded different results in IBS patients. There 
are promising albeit preliminary data suggesting tegaserod 
may have visceral analgesic actions in animal models (26, 
31). 



The efficacy of tegaserod in IBS has been reported in two 
phase III study published in fiill (35) and in two other trials 
(31) (Table 2). In a double-blind, placebo controlled trial 
(referred to as study 301), 881 patients firom ^Europe with 
constipation predominant IBS were randomized to 1 2 wk of 
therapy after a 4-wk baseline (34). Patients were random- 
ized to placebo or to 2 mg or 6 mg of tegaserod b.Ld.. The 
primary outcome was based on a global assessment; re- 
sponders were defined as either considerably or completely 
relieved at least 50% of the time or somewhat relieved 100% 
of the time in the last 4 wk of the trial. Patients were 
classified as nonresponders if laxatives were taken. The 
responder rates overall were 39% and 38% for the 2 mg and 
6 mg doses, respectively, compared with 30% for placebo, 
which was a statistically significant therapeutic gain. Unad- 
justed responder rates were higher, and indeed it could be 
argued that the unadjusted results are more appropriate and 
interpretable in terms of an intention-to-treat analysis. The 
weekly data show more impressive and arguably more re- 
alistic responder rates, because some patients fluctuated in 
and out of being responders (Fig 1). Stool frequency in- 
creased and stool consistency decreased within the week 1 
with tegaserod but stabilized by week 2. Although bowel 
symptoms significantly improved, the efficacy of tegaserod 
was inconsistent for bloating although there was a positive 
trend in favor of the drug. A trial of similar size of patients 
with constipation predominant IBS firom the United States 
reported consistent findings (study 351) but the. endpoint 
was revised, albeit before the blind was broken (Table 2) 
(31). In an unusual up titration and dose ranging trial (study 
307), tegaserod failed to demonstrate superiority to placebo 
(31). A 1519-patient, 3-month trial confbed to women with 
constipation predominant IBS (study 358) detected a ther- 
apeutic gain over placebo in terms of global relief of 1 3% at 
month 1 but only 5% at the end of the trial because of an 
increase in the placebo response; symptoms returned when 
the drug was ceased supporting clinically significant effi- 
cacy (35). 
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Figure 1. Proportion of patients with complete, considerable or somewhat relief of global IBS symptoms with tegaserod, a 5HT. partial 
agonist in the four major randomized controlled trials at week 1 , 4, 6. 8, and 12. The adjusted results (by intention-to-treat) for the Subject's 
Global Assessment of relief >s presented. Data on file at Novartis Phannaccuticals, East Hanover. New Jersey 



Tegaserod has convincing, albeit modest efficacy and is 
well tolerated, A safety concern was raised regarding a 
small albeit nonsignificant increased incidence of abdominal 
surgery (tegaserod 0.3% vs placebo 0.2%) and cholecystec- 
tomy (0J7% vs 0.06%, respectively), but this seems very 
unlikely to be causal. The most common side effect is 
transient loose stool and headache. Major diarrhea has not 
been a common problem in practice; it is unknown if this 
improves with dosage reduction. No cardiac toxicity has 
been observed. The drug is contraindicated in moderate to 
severe hepatic impairment and with severe renal failure; 
although the Food and Drug Administration has mandated 
the drug is also contraindicated in those with abdominal 
adhesions, past bowel obstruction or biliary tract disease, 
these concerns are not based on evidence. 

Hence, tegaserod is useful for IBS patients with consti- 
pation. The drug seems, in a fluctuating disease, to reduce 
the number of bad symptom weeks. The drug can be pre- 
scribed first line; but trials testing the drug in alternating 
bowel habit, and as interaiittent therapy and in men, remain 
needed to understand its exact place in management. Al- 
though the design of intermittent treatment studies will be 
particularly challenging, the results would enhance clinical 
practice strategies. 

MISCELLANEOUS AGENTS. Colchicine is an alkaloid 
that increases spontaneous bowel movements as well as 
decreasing colonic transit time (36). However, its role in 
IBS has not been formally explored. Side effects are un- 
common, but neuromyopathy and multiorgan failure have 
been reported and hence the drug must be used with caution 

(37) , The prostaglandin E| analog misprostil may have a 
role in refractory constipation caused by IBS, in part via 
augihentation of postprandial colonic motility and secretion 

(38) , but there arc no controlled trials in IBS. Motor stim- 
ulating drugs of the motilin agonist class (e.g., erythromy- 
cin, ABT-229) seem to predominantly have their affects in 
the stomach rather than the colon and are unlikely to be of 
benefit in IBS (39). 

Diarrhea Predominant IBS 

NONSPECIFIC ANTIDIARRHEA AGENTS. For diar- 
rhea, the opioid agonists diphenoxylate or loperamide are 



useful first-line drugs. These agents slow GI transit via 
effects on circular and longitudinal muscle as well as in- 
creasing luminal water absorption and decreasing secretion 
(40). Loperamide, a butyramide derivative, is advantageous 
over diphenoxylate as it does not have opioid activity with 
standard dosing, and may also increase rectal tone (41). 
Codeine phosphate should generally be avoided because of 
the high risk of inducing dependence. Randomized con- 
trolled trials with loperamide have only demonstrated a 
benefit for diarrhea rather than pain (12) and rebound con- 
stipation is a clinical problem. They are most useful as 
prophylactic agents to prevent predictable episodes of diar- 
rhea on waking, eating, traveling, or while under stress. 

The relevance of bile acid malabsoiption and the value of 
bile salt sequestrants in IBS have not been carefully evalu- 
ated in randomized trials, but anecdotal data suggest cho- 
lestryamine may be of value (42). Bismuth subsalicylate is 
available over the counter but it has not been evaluated as an 
antidiarrheal agent in IBS. Moreover, use should only be 
intermittent as bismuth accumulation and toxicity including 
encephalopathy remains a concern with prolonged expo- 
sure. 

SEROTONIN TYPE 3 (5HT3) ANTAGONISTS. Ondan- 
setron was the first 5HTy antagonist to be evaluated in terms 
of actions on the gut in health and IBS (43-47). The drug 
has been shown to slow colonic and orocecal transit in 
normal subjects (43, 44). In diarrhea predominant IBS, it 
slowed colonic transit and improved stool consistency but 
not stool weight (47). No benefit on abdominal pain was 
demonstrated in IBS, although the study was underpowered 
(47). 

Alosetron is a highly selective 5-HT3 antagonist that is 
substantially more potent than ondansetron (26). Alosetron 
has been shown to increase jejunal basal fluid and electro- 
lyte absorption (48). In male rats undergoing repeated colo- 
rectal distension, FOS like immunoreactivity (Fos-L 1 ) in the 
spinal cord increased and this was inhibited by alosetron 
(49). However, there is no direct evidence that alosetron in 
humans alters visceral hypersensitivity. In IBS, the drug 
relaxed the left colon and in turn resulted in reduced per- 
ception of volume distension but did not affect pressure 
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Hgure 2. Changes in volume perception with alosetron versus 
placebo in the colon as measured by a barostat balloon. Note that 
alosetron did not alter pressure perception and that changes in 
volume reflect colonic relaxation. From Ref. 50, with permission. 



distension sensory thresholds (Fig. 2) (50). Alosetron has 
been demonstrated to slow colonic (and in particular as- 
cending colon) transit in patients with IBS (51). More in- 
terestingly, at least in murine isolated small bowel, alosetron 
selectively inhibited the migrating motor complex and this 
was induced in female mice at a lower concentration than in 
males (52). The dmg does not seem to be anxiolytic in 
humans (26). 

In one phase 111 trial, female patients with IBS were 
randomized to alosetron 1 mg bJ.d, (n = 324) or placebo (n 
= 323) (53); a modest but convincing therapeutic gain in 
terms of a global assessment measure (labeled adequate 
relieO was observed during the 12 wk of therapy with 
alosetron (Fig. 3) (53). Stool frequency and consistency, and 
urgency also improved. Similar results were demonstrated 
in other trials (54, 55). Alosetron was compared with me- 
beverine in a head to head trial in 623 nonconstipated female 
IBS patients (56). A significant benefit of alosetron over 
mebeverine was identified by week 4 and was generally 
maintained over the 3 -month period, but symptoms returned 



to baseline when the drug was ceased (Fig. 3). There was no 
placebo group included so it is unclear whether mebeverine 
was more efficacious than placebo in this trial. Alosetron 
was of no value for bloating in the trials. Recently, efficacy 
in men was described in a preliminary report but seemed to 
be less than in women (57). 

Alosetron was voluntarily withdrawn by the company in 
November, 2000, but was reapproved by the FDA in June, 
2002. Availability is on a limited basis, with a recommen- 
dation to start at a dose of 1 mg daily; only 1 mg b.Ld. was 
tested in the phase III trials (58). There were multiple 
isolated case reports of ischemic colitis and severe consti- 
pation linked to drug use. Ischemic colitis was rare and mild 
but affected approximately one in 700-1,000 patients re- 
ceiving the drug, and occurred in nonelderly patients with 
no other risk factors (58, 59). Severe constipation requiring 
surgery necessitating colectomy or inducing perforation was 
rare, but affected approximately one in 10,000 cases taking 
alosetron (26, 58). Among this group in the United States, 
there were a small number of deaths reported that were 
possibly drug related (26, 58). Its use, therefore, must be 
restricted for the moment to women with severe and resis- 
tant diarrhea predominant IBS who do not alternate to 
constipation; those with very loose stools and urgency prob- 
ably respond best to this dmg class. 

SOMATOSTATIN. Somatostatin analogues may be useful 
for pain and severe diarrhea in IBS because they modulate 
sensory afiFerents as well as slow transit (60, 61). However, 
their side effects (including gallstone formation) and the 
currant lack of an oral preparation are limitations. More- 
over, no adequate clinical trials have been conducted in IBS. 

Bloating in IBS 

Gas bloat in IBS remains a symptom complex that is very 
poorly treated with current therapy. Fiber and bulking 
agents may aggravate the problem (62). There is no evi- 
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Figure 3. Proportion of IBS patients with adequate relief of abdominal pain and discomfort from two trials of alosetron, a 5HT3 antagonist. 
From Refs. 53 and 56, with permission. 
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dence that simethicone works in IBS, and trials of charcoal 
have been equivocal or negative (63). Prokinetics are also 
not yet of established value, but more data are needed (12, 
34). Trials of probiotics have been equivocal, but there are 
small positive studies in particular with Lactobacillus plan- 
tarum in terms of relief of abdominal pain and global 
symptoms (64-66). atGalactosidase (which digests glucose 
linkages in complex carbohydrates) reduces flatus but prob- 
ably little else (67). Antibiotics have been claimed to reduce 
symptoms of IBS, but the study designs have been subop- 
timal and the data unconvincing (68-70). Impaired gas 
expulsion may be a key underlying mechanism in IBS; 
neostigmine can promote gas excretion but increases ab- 
dominal pain and is too toxic for routine use (71). Malodor- 
ous flatus may possibly respond to zinc acetate, bismuth 
subsalicylate, or a bulky charcoal cushion device placed 
outside the rectum (63, 72). Chinese herbal medicine was 
judged possibly useful based on one high quality trial (73). 

POTENTIAL FUTURE THERAPIES 
Drugs for Abdominal Pain in IBS 

The quest to develop new antispasmodics continues. How- 
ever, gut selective muscarinic M3 antagonists including 
zamifenacin and darifenacin have been disappointing in IBS 
(26, 74). /33-Agonists are motor-inhibiting drugs, but their 
role in IBS remains unclear (75). 

K-Opioid agonists do not modulate motility but reduce 
sensory signaling; fedotozine, a K-opioid agonist with mod- 
est selectivity, reduced hypersensitivity to colonic disten- 
sions in IBS patients (76). However, fedotozine demon- 
strated only a minor benefit in IBS (albeit statistically 
significant) over placebo in one randomized trial (77). This 
drug is no longer being evaluated. However, other more 
selective K-opioid agonists are under consideration. Tachy- 
kinin receptor antagonists (including NKj and NKj antag- 
onists) may theoretically be visceral analgesics as well as 
antispasmodics (78). A neurokinin 1 antagonist (TAK 637) 
has been evaluated in phase II clinical trials in IBS (79), but 
no published trial data are available and work seems to have 
ceased. Gabapentin derivatives are analgesic anticonvul- 
sants that are being evaluated in IBS, but no data are 
available. 

Drugs for Constipation Predominant IBS 
OTHER SEROTONIN TYPE 4 (5HT4) AGONISTS. 
Prucalopride is a benzofiirancarboxamide. It is a selective 
and potent 5-HT4 receptor agonist that has been tested in 
idiopathic chronic constipation (80). In two phase II trials 
comprising 1226 patients with chronic constipation, 2 and 4 
mg of prucalopride significantly increased the proportion 
who reported three or more spontaneous stools weekly ver- 
sus placebo (81). Prucalopride has not been studied in IBS. 
Intestinal carcinogenicity in animals and cardiac toxicity, 
however, have been potential concerns. 
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A number of other compounds have been developed that 
are 5-HT4 receptor agonists. Norcisapride, a metabolite of 
cisapride, was in clinical trials but is likely to have little 
distal gut action, and cardiac toxicity has also been observed 
(26). Mosapride, a 5HT4 agonist/5HT3 antagonist, has not 
been tested in IBS (82). Renzapride (AZM-112) is also a 
5HT4 agonist with SHTj antagonist activity that is in clinical 
tr^\ .3 for IBS. Other 5HT4 agonists with 5HT3 antagonist 
ac;,.nty include ML-1035 and E3620 (82). Whether a com- 
bination of actions on serotonin receptors would be useful in 
IBS is as yet unclear, but cisapride was not impressive in its 
efficacy (28-30). 

SEROTONIN TYPE 3 (5HT3) AGONISTS. The 5HT3 ag- 
onist MKC-733 accelerated small bowel transit in healthy 

subjects in a preliminary report (83). This indicates the drug 
class may have a role in constipation predominant IBS, but 
there are no trial data, 

CHOLECYSTOKTNIN ANTAGONISTS. Cholecystokinin 
(CCK) antagonists may modulate colonic transit in both 
health and constipation (27, 82). In a trial of dexloxiglu- 
mide, a CCK, antagonist, 129 IBS patients were randomized 
to 200 mg tA.d. daily or placebo for 1 2 wk. In those who had 
constipation predominant IBS, a significant albeit modest 
benefit was obtained with dexloxiglumide in a subgroup anal- 
ysis (84), Another preliminary report looked less promising; 
but in a subgroup analysis, women with constipation may have 
had a better response to the drug (85). The development of 
gallstones secondary to reduced gallbladder contractility may 
theoretically be a side effect of CCK, antagonism, but this has 
not been observed in the studies to date. 

OPIOID ANTAGONISTS. A recent trial of an oral formu- 
lation of naloxone suggested this drug could have modest 
efficacy in constipation-predominant IBS but this remains to 
be established (86). 

Drugs for Diarrhea Predominant IBS 
OTHER SEROTONIN TYPE 3 (SHTj) ANTAGONISTS. 
Cilansetron has in vitro properties similar to those of alos- 
etron and is currently in trials for IBS (26). An initial study 
reported that cilanstron was superior to placebo in IBS with 
diarrhea, and surprisingly the efficacy was similar in men 
and women in contrast to the alosetron trials (87). Granis- 
etron was demonstrated to increase perceptual volume 
thresholds in the rectum in IBS but does not have estab- 
lished visceral analgesic actions (26). Other 5HT3 antago- 
nists including tropisetron (ICS 205-930), which also is a 
5HT4 antagonist, and YM-1 14; they have not been tested in 
IBS (26). It is unknown whether ischemic colitis is a class 
effect or an idiosyncratic side effect of alosetron. However, 
there has also been one possible case of ischemic colitis with 
cilansetron (26). 

SEROTONIN TYPE 4 (5HT4) ANTAGONISTS. 5-HT4 
antagonists theoretically may be antidiarrheal and antinoci- 
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ceptive. Piboserod was in phase II trials; sulamserod is in 
phase I trials (26). In health, piboserod (SB-207266) in 
doses that antagonized the effects of the 5-HT4 agonist 
cisapride, only slightly delayed colonic transit (and this was 
not significant) (88). Moreover, disappointingly piboserod 
did not alter small bowel transit, and did not change colonic 
sensation or motor activity (88). Hence, a role in diarrhea 
predominant IBS has not been documented. 

02 AGONISTS. Clonidine, an a2 receptor agonist, en- 
hanced rectal compliance and reduced fasting colonic motor 
activity (89); it may therefore be efificacious in IBS associ- 
ated with rectal urgency or feelings of incomplete evacua- 
tion, as was alosetron (53-55). However, the otj agonist 
lidamidine was not superior to placebo in two trials (90, 91). 
More work is ongoing evaluating this drug class. 

ALTERNATIVE TREATIVIENT APPROACHES 

A number of exotic approaches have been considered, with 
as yet unconvincing outcomes. Replacement of colonic flora 
has been tested in uncontrolled trials but the efficacy and 
safety is not established, and cannot be condoned outside 
randomized trials (92). The local action of antibiotics sup- 
pressing colonic flora may be beneficial in some patients, 
but requires more rigorous testing (67-69). Certain probi- 
otics may help reduce some of the symptoms of IBS, espe- 
cially flatulence (63-65). Peppermint oil may be of some 
value in IBS but the evidence is not convincing (93, 94). 
Chinese herbal medicine was shown to produce a significant 
improvement of global IBS symptoms in one trial, but a 
combination of herbs was given, the truly active agents 
remain unknown and the results require confirmation (72). 
Acupuncture is of uncertain benefit (95). Psychological ther- 
apies are useful but the trials have generally not been opti- 
mal, and arguably the efficacy in terms of symptom relief is 
modest; indeed, assessment of symptom relief based on 
rigorous outcome measures has been lacking (96). 

CONCLUSIONS 

New dmgs for IBS are needed, as currently available agents 
provide generally suboptimal results. Some novel receptor 
agents show promising results; but these are directed at im- 
proving symptoms in a subset of IBS patients, and no panacea 
has been discovered. Additional knowledge about mechanisms 
should eventually lead to breakthroughs in therapy; however, if 
IBS is a true neurological bowel disease, then this will continue 
to be challenging (97). At this point in time, physicians still 
need to rely on a holistic approach including reassurance and 
explanation, plus judicious use of drugs to control major symp- 
toms during exacerbations. 
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